Five groups of 12 gravid female rats were exposed, during their entire gestation, intermittently for 6 h a day, 5 days per week, to 0.5% (5000 p.p.m.), 0.1% (lOOOp.p.m.), 0.05% (500p.p.m.) and 0.025% (25Op.p.m.) nitrous oxide-air mixtures (v/v), respectively. After killing the gravid rats on the 19th day of their pregnancies the numbers of corpora lutea of pregnancy were counted. Each uterus was examined for placentation sites and embryonic remnants and a detailed examination of the fetuses was undertaken. A significant reduction in mean litter size occurred only in the group exposed to 0.5% nitrous oxide in air (v/v). The mean litter sizes of the control and other exposed groups were comparable. No signs of fetal resorption or skeletal malformation were found in any group. The threshold of pollution for reduction in litter size has been shown in this study to lie between 0.1% and 0.5% nitrous oxide in air (v/v). A previous study on continuous exposure reported the threshold pollution to lie between 0.05% and 0.1% nitrous oxide in air (v/v). This investigation confirms that intermittent exposure to nitrous oxide-air mixtures increases the threshold for reproductive effects in rats.
Previous studies (Vieira et al., 1978 (Vieira et al., , 1980 Vieira, 1979) have shown that, following the continuous exposure of gravid rats to nitrous oxide in air mixtures (v/v), the threshold value for reduced litter size, skeletal anomalies and prenatal growth retardation lies between 0.1% (lOOOp.p.m.) and 0.05% (500 p.p.m.) of nitrous oxide. The present investigation was undertaken to determine the threshold value range for the above abnormalities following intermittent exposure to a nitrous oxide in air mixture (v/v).
MATERIALS AND METHODS
Sixty female, nulliparous Wistar albino rats, mean weight 250 g (South African Institute for Medical Research) were divided into five groups of 12 rats. One control group was exposed to oil-free compressed air, the other four groups of rats were experimental groups, exposed in environmental chambers (Austin, Vieira and Cleaton-Jones, 1979) Correspondence to E.V. 0007-0912/83/010067-03 fOl.OO weeks. The exposure period to the varying concentrations of nitrous oxide remained constant, that is from 07.00 to 13.00h, after which the chambers were serviced. Analysis by gas chromatography of random air samples from the environmental chambers confirmed the nitrous oxide concentrations.
All the rats were killed on the 19th day of their pregnancy by carbon dioxide administration, after which their abdominal viscera were exposed through a midline abdominal incision. The numbers of corpora lutea of pregnancy were counted and compared with the number of fetuses present. When these did not correspond the uterus was examined for placentation sites and embryonic remnants, which indicate fetal resorption. The fetuses were removed from the uterus and each fetus systematically examined for any external malformations, using a dissecting microscope.
The body cavity of each fetus was opened by a mid-ventral incision and a systematic examination of the internal organs was carried out using a dissecting microscope. Each fetus was numbered, fixed in 10% buffered formal saline and thereafter cleared in 0.5% potassium hydroxide, after which the fetuses were stained with alizarin red.
A systematic examination of the fetal skeletons, organized in random order by drawing lots, was carried out on a light box. Crown-rump measurements were made using a modified version of the technique used by Van Rensburg (1976) . This measuring device uses a length of stainless steel suture wire fastened at one end to a pin cemented to the floor of a petri dish. The fetuses were positioned so that the coronal suture line was opposite, and in contact with, the pin. The suture wire was then drawn along the mid-ventral dorsal surface of the fetus and clamped with artery forceps at a point adjacent to the fourth coccygeal vertebra. The wire was then straightened and the distance between the pin and artery forceps measured with vernier calipers to the nearest 0.1 mm-this distance was taken as the crown-rump length of the fetus. The fetuses were weighed on a digital display chemical balance (Sartorius Werke G.M.B.H., Gottingen, W. Germany) to the nearest 0.1 g.
Statistical analysis
In the case of litter size and fetal resorption the Student's t test for independent samples and chisquare test were used, respectively. Since the experimental format was a two-way nested design, the statistical analysis of the fetal weights and crown-rump measurements comprised a two-way analysis of variance based on this design. The critical level of statistical significance chosen was P<0.05.
RESULTS
A total of 571 fetuses were produced by the control and four nitrous oxide in air exposed groups (table  I) . A significant reduction in mean litter size existed only in the group of rats exposed to 0.5% nitrous oxide in air (v/v) (t = 5.29, P< 0.001). The examination of the gravid uteri revealed no signs of fetal resorption either in the control group or any of the groups exposed to nitrous oxide in air. No evidence of any skeletal malformation was found in either control or the nitrous oxide in air-exposed groups.
Crown-rump length and body weight were similar in the groups.
DISCUSSION
The study confirms previous observations that the inhalation of trace concentrations of nitrous oxide in air causes reduction in litter size in the Wistar albino rat (Vieira et al., 1978 (Vieira et al., , 1980 Vieira, 1979) . The threshold for continuous exposure using the same experimental system has been shown to lie between 0.5% and 0.1% nitrous oxide in air (Vieira et al., 1980 ). In the current experiment the intermittent exposure increased the threshold to between 0.1% and 0.5%. These results indicate that the effect is dose-dependent.
It is also important to note that the female rats were mated on the Sunday evening and pregnancy confirmed on the Monday or Tuesday, depending on the oestrus cycle. This thus excluded the possibility that the non-anaesthetic days did not coincide with the period of maximum organogenesis.
The work was carried out at an altitude of 1700 m with a barometric pressure of 82.9 kPa, so extrapolation of these results to other altitudes will require this to be taken into consideration. The threshold in rats observed in the investigation was much greater than that of 0.0025% (25 p.p.m.) required by NIOSH (1977) for occupational situations in man. Although species differences do not necessarily allow direct comparison, the NIOSH recommended value of 0.0025% (25 p.p.m.) may need revision. 
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EFECTOS DE BAJAS CONCENTRACIONES INTERMTTENTES DE OXIDO NITROSO EN EL DESARROLLO DE FETOS DE RATAS
SUMARIO
Cinco grupos de 12 ratas hembras prenadas esruvieron expuestas durante su gestaci6n enters y de manera intermitente por 6 h al dia, 5 dias por semana a mezclas de aire-oxido nitroso al 0,5% (5000 ppm), al 0,1% (1000 ppm), al 0,05% (500 ppm) y al 0,025% (250 ppm), respectivamente. Despues de matar las ratas gravidas al 190 dla de su gravidez, se contaron los numeros de cuerpos luteos de prefiez. Se examin6 cada utero para ubicar los sitios de placentacion y los restos embri6nicos; asimismo, se inici6 un "MM detajlado de los fetos. Solamente ocurri6 una reducci6n lignificativa del tamafio medio de la ramaria en el grupo expuesto al oxido nitroso en aire al 0,5% (v/v). Eran comparable* los tamanos medios de las camadas del grupo de control y de los demis grupos expuestos. No se encontro ninguna senal de resorpci6n fetal ni tampoco de malf ormacion esqueletal en cualquiera de los grupos. En el presentc estudio, se demostro que el umbra] de polucidn para la reduccidn del tamano de la camada se sinia entre valores del 6xido nitroso en aire del 0,1% al 0,5% (v/v). En un estudio anterior, se inform6 que en una exposicion continua, el umbral dc polucion se sirua entre valores del 6xido nitroso en aire del 0,05% al 0,1%. La presente investigaci6n confirma que la exposicidn intermitente a mezclas de aire-oxido nitroso eleva el umbral en lo que se refiere a efectos reproductivos en las ratas.
